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(54) Film-forming suriace reforming metliod and semiconductor device manufacturing metliod 



(57) There is provided a film-forming surface re- 
forming method that comprises the steps of bringing a 
gas or an aqueous solution containing ammonia, hydra- 
zine, amine, amino compound or their derivative into 
contact with a film-fomning surface (12a) before an in- 



sulating film (15) is fomned on the f!lm-fomiing surface 
(12a) of a substrate (102), and 
bringing a gas or an aqueous solution containing hydro- 
gen peroxide, ozone, oxygen, nitric acid, sulfuric acid or 
their derivative into contact with the film-forming surface 
(12a). 
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Description 

RACKGROUNn r>FTHl= INVE^f^lON 
1. Field of the Invention 

fOOOIl The present invention relates to a f iim-fonning 
surface refonring method and a semiconductor device 
manufacturing method and. more particularly, to a film- 
fomiing surface reforming method for improving a sur- 
face dependency of the film-fomiing surface (some- 
times referred to simply as a -surface dependency" 
hereinafter) in film fomnation before a film te fo'^«^by 
a thermal chemical vapor deposition method (thermal 
CVD method) using a reaction gas (referred to^ an 
•OVTEOS reaction gas" hereinafter) containing aTEOb 
(T^raEthylOrthoSillcate) and an ozone-contalning gas 
including ozone (O3) In the oxygen (O^) and and to a 
semiconductor device manufacturing method employ- 
ing this refomiing method. The surface dependency 
means that film formation of the CVD film grown on the 
film-forming surface is affected in the growth rate. etc. 
by chemical properties of the film-forming surface. 
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the surface dependency. 

[0006] In the prior art. in order to elWn^e such sur- 
face dependency, the methods shown In FIGS.17A to 
17D are employed. These methods are 

(i) a method of in-adiating the plasma onto thefilm- 
fomding surface (FIG.17A), 

(ii) a method of covering thefilm-fonning surface by 
the plasma CVD SIO2 film (FIG.17B). 

(iii) a method of forming the low OgH-EOS CVD SlOg 

film as the underiying layer priorto film formation of 

the high O3/TEOS CVD SiOafiim (F'G-ITC) and 

(Iv) a method of fomiing the thin low ©a'TEOS CVD 

Si02 film, irradiating the surface of the "'m with the 

plasma, and fomiing the high Oa^EOS CVD S1O2 

film on the low O/TEOS CVD SiOj "•"'(F'Q ^,^); 
In the above(lll) and (iv).the double layerconslsting 

of the low OaTTEOS CVD SIO2 film and the high Ogf 
TECS CVD SIO2 film Is employed. 
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2. Description of the Prior Art 

r00O21 In recent years, with the progress of the super 
high density and the multi-layered wiring of the semi- 
conductor device, the development of technology for 
fomiing such an insulating film is demanded that is su- 
perior in surface planarity, recess filling property, and in 
step coverage, and that suppresses the pemieation of 
the moisture and the impurity. As the film fomiing tech- 
nology of the insulating film to satisfy these demands, 
there is the method of fomiing the film by the CVD meth- 
od using the 03/rEOS reaction gas. In this case, the 
excellentf ilm property can be obtained if the O3 concen- 
tration is set higher. ^,»,,„„„i„ 
ro0031 Incontrast, the film fonmation depends strongly 
upontiie stateof thefilm-fomningsurface.The intluence 
of such surface dependency does not appear under the 
condition (lowOaCondition) of lowOgConcentration.but 
appears remarkably under the condition (high O3 con- 
dition) of high O3 concentration. 
100041 In the following description, the O^fTBOS re- 
action gas having the high concenUatlon is called a 
-hiqh OVTEOS reaction gas", and a siHcon dioxide film 
formed by the CVD method using this reaction gas is 
called the "high OaTTEOS SiOz film". Also, the Oan-EOS 
reaction gas having the low O3 concentration is cajed 
a "low OaH-EOS reaction gas", and a silicon dioxide film 
formed by the CVD method using this reaction gas is 
called a "low O3/TEOS SiO^film". In addttion, thesilicon 
dioxide film fomied by the CVD method using the oy 
TEOS reaction gas containing all O3 concentrations is 
simply called an "03yTE0S SiOsfilm". 
roOOBl FIG. 1 6 is a sectional view showing the state in 
which the film is abnomially grown by the influence of 
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[00071 However, the conventional methods have fol- 
lowing problems respectively. 

(i) According to the method of irradiating the plasma 
onto the film-fonning surface, conditions exhibiting 
the surface dependency suppressing effect are var- 
ied Therefore, since the condition can neither be 
standardized nor shared for all lilm-f omiing surface, 
the condition must be optimized for each film-form- 
ing surfaces. 

In addition, the plasma CVD equipment must 
be separately prepared to irradiate the plasma, 
(ii) According to the method of covering the film- 
fomning surface with the plasma CVD SiOa film for 
some process condition of the plasma CVDS1O2 
film, a film that is compatible to the high Og^OS 
CVD SiO, film can be obtained, which in tum fomns 
thehighOgn-EOSCVDSiOa film that exhibitsgood 

film property. However, since the plasma CVD S1O2 
mm has bad step coverage, the plasma CVD S1O2 
film is not suitable for the fine patterning. Also, the 
plasma CVD equipment must be separately pre- 

ShI According to the method of covering the «lrn- 
formlng surface with the low O^fTBOS CVD S Og 
mm. Since the low O/TEOS CVD S^g film has the 
veiy good affinity to the high Ogn-EOS CVD SiOg 
film tiie surface dependency can be eliminated. 
However, the low OgH-EOS CVD SiOg film shovi« 
isotropic growing characteristics, and the film thick- 
ness of at least 1 00 nm is needed to use the film as 
the underlying film that eliminate the surface de- 

Therefore, such low O^BOS CVD Si02 film Is 
unsuitable for the fine patterning. 

Though the method of eliminating the surface 
dependency by using the low O^/XEOS CVD S1O2 
film that was formed under low pressure was exam- 
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ined, this film was essentially the same as the low 
Og/TEOS CVD Si02 film, and therefore was unsuit- 
able for the fine patterning for the same reason, 
(iv) According to the method of covering the film- 
fonning surface by the low Og/TEOS CVD SiOg film 
and then in-adiating the plasma onto the film, steps 
of the method becohne complicated. 

[0008] In this manner, the conventional methods are 
generally not suitable for filling a nan^ow and deep re- 
cess. On the centrally to this, recent demand on high 
density of semiconductor device requires a method for 
forming interlayer or cover insulating film that have su- 
perior film property, and that especially can fill the nar- 
row and deep recess. 

SUMMARY OF THE INVENTION 

[0009] It is an object of the present invention to pro- 
vide a film-forming surface reforming method capable 
of almost completely eliminating the surface dependen- 
cy of the film-forming surface by an extremely simple 
approach without using additional energy such as plas- 
ma irradiation or high temperature heating, and process 
in the vacuum, etc.. 

[0010] Another object of the present invention is to 
provide a semiconductor device manufacturing method 
employing this refonming method. 
[0011] In a film-fomiing surface reforming method of 
the present invention, a gas or an aqueous solution con- 
taining any one selected from the group consisting of 
ammonia, hydrazine, amine, amino compound, and 
theirderlvative is brought into contact with a film-fomning 
surface, and then a gas or an aqueous solution contain- 
ing any one selected from the group consisting of hy- 
drogen peroxide, ozone, oxygen, nitric acid, sulfuric ac- 
id, and their derivative is brought into contact with the 
film-forming surface. 

[0012] The gas or the aqueous solution containing 
any one selected from the group consisting ammonia, 
hydrazine, amine, amino compound, and their deriva- 
tive can etch the silicon oxide film and the silicon nitride 
film exposed on the film-forming surface. The surface of 
the silicon oxide film or the silicon nitride film that is 
etched in this manner Is brought Into the chemically ac- 
tive state, and hence the film-fomrilng surface Is easily 
oxidized by bringing the gas or the aqueous solution 
containing hydrogen peroxide, ozone, oxygen, nitric ac- 
id, sulfuric acid or their derivative into contact with the 
active film-forming surface, whereby a thin oxide film 
can be formed on the film-fonning surface. 
[0013] According to the experiment, it has been con- 
finned that if the very thin oxide film is newly fonned by 
the oxidizing process after the surface of the film-fomn- 
ing surface (surface of silicon nitride film etc.) is etched 
as described above, a high O3/TEOS CVD SiOgfilm can 
be fonned on the film-fonning surface to have good 
compatibility to the oxide film and to show no surface 



dependency. 

[0014] Since the silicon nitride film Is a very stable 
compound, it cannot, in general, be oxidized at the room 
temperature. When a thermal oxidizing method using 

5 oxygen is employed for oxidizing the silicon nitride film, 
It requires a heattreatment at the high temperature near 
1 000 •C. Since the high temperature treatment destroys 
the structure of the semiconductor device constituting 
the substrate, such high temperature treatment cannot 

10 be employed. 

[0015] On the centrally to this, according to the 
present invention, after the film-fonnIng surface is 
chemicallyactivated by the etching, the film-fomning sur- 
face is oxidized. Therefore, the film-fonning surface can 

15 be oxidized at the low temperature dose to the room 
temperature, and thus the surface dependency can be 
easily eliminated. 

[0016] Particularly, since the aqueous solution con- 
taining the ammonia or the hydrazine compound has a 

20 small surface tension, and the gas of the reforming 
agent can be diffused into the narrow and deep recess 
portion, both the solution and the gas can eliminate the 
surface dependency in such minute recess portion. 
[0017] Accordingly, the interlayer or cover insulating 

25 film, which is fonned using the themnal CVD method and 
is fonned on the film-fomning surface whose surface de- 
pendency is eliminated, exhibits no surface roughness 
and voids, together with exhibiting no reduction in the 
film forming rate, and can fill the narrow and deep recess 

30 portion completely. 

[0018] Further, as the result of experiments, follow- 
ings become apparent. 

[0019] ® If the film-fomning surface is the surface of 
the silicon nitride film, the surface dependency can be 
35 eliminated merely by exposing the surface to the hydro- 
gen peroxide water. 

[0020] ©if the film-fomning surface is the surface of 
the silicon oxide film, the surface dependency can be 
eliminated merely by exposing the surface to the aque- 

40 ous solution containing any one of N02' and N03-. 
[0021 ] In particular, in the case of®, above NOg* and 
NOg- can be naturally produced in the mixed solution 
containing the ammonia (NH3), the hydrogen peroxide 
(H2O2), and the pure water (H2O). In this case, the NOg" 

45 and NO3- concentration that is effective In eliminating 
the surface dependency can be adjusted by mixing the 
ammonia (NH3), the hydrogen peroxide (H2O2), and the 
pure water (H2O) to prepare the mixed solution, and 
then keeping the mixed solution at a predetermined tem- 

50 perature for a predetermined time. 

[0022] Alternatively, the above NO2" and NO3- can be 
produced by employing the aqueous solution into which 
the nitric acid (HNO3) is further added. In this case, the 
NO2' and N03" concentration that is effective in elimi- 

55 nating the surface dependency can be adjusted to a de- 
sired value by adjusting the concentration of the added 
nitric acid (HNO3). 
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RRIEF DESCRIPTION OF TH E DRAWINGS 
[00231 



FIG 1 is a flowchart showing a surface reforming « 
method according to a first embodiment of the 
present invention; ^ ^^^,,r 

FIGS 2A to 2D are sectional views showing the sur- 
face reforming method according to the first embod- 

iment of the present invention; ,^^^„r 
FIGS 3A to 3C are views showing states of the sur- 
face of the underlying layer formed of the SiOg f ilm 
in a series of steps in refomiing process according 
to the first embodiment of the present invention; 
FIGS 4A to 4C are views showing states of the sur- 
face of the undertying layer fomied of the SiN film 
In a series of steps in the retormlng process accord- 
ing to the first embodiment of the present invention; 
FIG 5 is a graph showing Ihe growth rale of the high 
OVTEOS CVD SiOa film versus the concentration 
of the ammonia aqueous solution of the etching 
agent according to the first embodiment of the 
present Invention; 

FIG 6 is a graph showing the growth rate of the high 
OVTEOS CVD SiOa film versus the NH3 concentra- 
tion of the etching agent, when mixed liquid of the 
aqueous ammonia and the hydrogen peroxide wa- 
ter was employed as the etching agent in the first 
embodiment of the present invention; 
FIGS 7A to 7C are sectional views showing a sub- 3o 
strata surface reforming method according to a sec- 
ond embodiment of the present invention «hen an 
underlying surface is fomied of a silicon nitnde film; 
FIG 8 is a graph showing a relationship between a 
H,0, concentration and a growth rate ratio when 
the undertying surf ace is fomiedofthesilicon nitride 

film, in the second embodiment of the present in- 
vention; ^ „ „.„ 
FIGS 9A to 9C are sectional views showing a sur- 
facerefomiingmethodaccordingtothe secondem- 
bodiment of the present invention when the under- 
Ivinq surface is fonned of a silicon oxide film; 
FIG 10 is a graph showing a relationship between 
a heat-insulating time and the growth rate ratio 
when liquids having a volume ratio 1:1:5 and 1:10: 
50 for an aqueous ammonia (30 wt%), a hydrogen 
peroxide water (30 wt%). and a pure water are used 
as the surface refomiing liquids when the under^r- 
ing surface is fomied of the silicon oxide film, in the 
second embodiment of the present invention; 
FIG 11 is a graph showing a relationship between 
the heat-insulating time and a concentration of nitnc 
acid based ions in the surface refomiing liquid at a 
temperature of 80 "C. in the second embodiment of ^ 
the present invention; 

FIG 12 is a graph showing a relationship between 
a concentration of the nitric acid and the g^wth rate 
ratio when the nitric acid is intended to be added 



into the surface refomning liquid when the underly- 
ing surface is the silicon oxide film, in the second 
embodiment of the present invention; 
FIG 1 3A is a flowchart showing the surface reform- 
ing process when the underlying layer is the silicon 
ntoidefilm. and FIG.13B is a flowchart showing the 
surface reforming process when the underlying lay- 
er Is the silicon oxide film, in the second embodi- 
ment of the present invention; 
FIG 14 is a sectional view showing the surface re- 
forming method according to Rrst Example of the 
present invention; ^ 
FIG 1 5A is a sectional view showing the surface re- 
fomiing method according to Second Examp e of 
the present invention, and FIG.15B is a sectiona^ 
view showing Comparative Example when the film 
Is formed without the reforming process; 
FIG 16 IS a sectional view showing the state after 
the CVD film is formed on the film-fomiing surface 
in the prior art; and 

FIGS 17A to 17D are sectional vievw showing the 
refomiing processes of the film-fonrtng surface in 
the prior art. 



HESCRIPTION OF THE PR EFERRED 
EMBODIMENTS 

r00241 Embodiments of the present invention will be 
explained with reference to the accompanying drawings 
hereinafter. 

(Approach to the present invention and the principle of 
the present Invention) 

[00251 The approach to the present Invention and the 
principle of the present invention will be explained here- 

m0261 Ifthefilm is fomned on the film-fomiing surface 
of the silicon oxide film (the SiOg film, etc.), the silKon 
nitride film (whose chemical fomnula is expressed as 
sIn. etc.. but sometimes abbreviated as the "SiN film 
hereUiaftei), or the like, film fomnation depends strongly 
upon the state of thefilm-fomiing surface and hence the 
flim fomiation exhibits the abnomial Q^o"^^-^"^^^^^. 
pie. If the film Is fomied on the surface of the thennal 
oxide film, or of the plasma CVD film that IS notcompa^^ 
ibie to the Ogn-EOS reaction gas. or of the ""d«1yj.g 
insulating film ioxmed by the low pressure thermal CVD 
method, the formed film shows porosity, surface rough- 
ness, or reduction in the film forming rate. These disad- 
vantages are caused since the fom,ed film is strongly 
Influenced by chemical properties of the film-fomiing 

[OOarT When being left in clean room in which mois- 
ture is present, the surfaces of the silicon oxide film and 
the silicon nitride film adsort)s H2O or hydrates by OH 
group, which in turn makes the surfaces chemically in- 
active and hydrophilic. These act as primary factors to 
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disturb the smooth and uniform adsorption of the Inter- 
mediate reaction product of the O3/TEOS reaction gas. 
which exhibits the oiliness. onto the film-forming sur- 
face. This disturbs unifomn film fomnation, the recess fill- 
ing property, and the unifomi flowabilrty during the for- 
mation of the high O3/TEOS NSG film (the NSG film 
means the silicon oxide film that does not contain the 
impurity such as phosphorus, boron, or the like). 
[0028] Accordingly, it is supposed that the abnomnal 
film formation can be suppressed If the adsorption sites 
for the intermediate product are increased in the film- 
forming surface to promote uniform adsorption. 
[002d] According to the plasma irradiation of the con- 
ventional method, the moisture on the surface, etc. can 
be removed by the plasma irradiation and the heat, and 
hence the delects are introduced into the insulating film 
and also the minute surface unevennesses are fomned 
on the film-forming surface. It may be supposed that the 
defects in the insulating film and the minute surface un- 
evennesses act as the surface adsorption sites for the 
intermediate product of the O3/TEOS reaction gas. 
[0030] In the case of the conventional method that 
employs the low O3/TEOS CVD SiOg film as the under- 
lying layer it is supposed that since the low Og/TEOS 
CVD SiOg film is inferior in film property compared to 
the high O3/TEOS CVD Si02 film and thus many defects 
are contained in the film, these defects act as the ad- 
sorption sites for the intermediate product to promote 
the unifomri adsorption of the intermediate product. 
[0031] The thennal oxide film, and the silicon oxide 
film and the silicon nitride film formed by the thennal 
CVD method is very superior in film property and ther- 
mally stable and does not contain many defects in the 
film. If It is tried to chemically form the silicon oxide film 
on these surfaces, the high temperature such as about 
1 000 **C Is required to directly oxidize the films because 
the silicon oxide film and the silicon nitride film are chem- 
ically stable. 

[0032] It is well known that the inorganic or organic 
alkaline aqueous solution can dissolve the surfaces of 
the silicon oxide film and the silicon nitride film and thus 
exhibit etching property against these films. The film- 
fonning surface that is etched by these etching agents 
is chemkjally active and has minute unevenness or etch- 
ing pores. The state in which a large number of pores 
are formed is called the porous state. It is considered 
that since the surface area of such surface is increased 
by the etching pores and such surface is chemtoally ac- 
tive, the surface can easily be oxidized by the oxidizing 
agent and thus the extremely thin oxide layer can be 
formed on the surface. 

[0033] It is considered that the silicon oxide film 
fomned chemically in this manner contains a large 
number of defects In the film and thus the surface be- 
comes the porous state. The defects in the film and the 
minute surface unevenness can act as the surface ad- 
sorption sites for the intermediate product of the O3/TE- 
OS reaction gas, which in turn promotes the uniform ad- 



sorption of the intermediate product to the surface, and 
thus.promotes the film fomnation of the high OaH'EOS 
CVD SiOg film, and thereby eliminates the surface de- 
pendency completely. Thus, the film fomnation can be 

5 perfomned with maintainingihe totally same growth rate 
and film property as those obtained when the film Is 
fomned on the silicon substrate surface. 
[0034] The etching agent and the oxidizing agent em- 
ployed in the present invention will be listed in the fol- 

10 lowing and explained simply hereunder. 

(Etching agent) 

[0035] In the present invention, inorganic or organic 
15 alkali is employed as the etching agent. More specifical- 
ly, ammonia (NH3), hydrazine ((NH2)2). or an amino 
group (-NH2) based compound are employed. The rea- 
sons for employing the inorganic or organic alkali as the 
etching agent are that the substantially equal etching 
^ rate can be obtained Irrespective of the type of the sili- 
con oxide film and the sllkK>n nitride film and that the 
surface dependency can be completely eliminated. In 
contrast, a fluorine-based etching agent Is not suitable 
for the etching agent of the present Invention since firstly 
25 the etching rate of the silicon oxide film becomes ex- 
tremely quicker than that of the 8llk:on nitride film, and 
secondly it Is difficult to eliminate the surface depend- 
ency of the film-fomning surface made of the silicon ox- 
ide film. 

30 

(a) Ammonia (NH3) 

[0036] The ammonia is a gas at the nomnal tempera- 
ture. The aqueous solution is the aqueous ammonia 

35 NH3 HgO. In the following, for convenience of explana- 
tion, in some cases the aqueous ammonia is called the 
ammonium hydroxide NH4OH. Also, the compound ex- 
pressed by the chemical fomiula NHnR4.nOH (n=1 to 4, 
R: alkyi group) may be employed as the derivative of the 

40 ammonium hydroxide. For example, if n=2 and CH3 Is 
employed as R in the above chemical formula, the 
dimethylammonium hydroxide (N(CH3)2H20H) is ob- 
tained. 

45 (b) Hydrazine ((NH2)2) 

[0037] The hydrazine is a liquid at the nomnal temper- 
ature. The aqueous solution Is the hydrazine-hydrate 
(N2H4H2O, N2H5OH), and becomes the alkali. Also, 
50 (NR2)2 (R is the alkyI group such as CH3, C2H5, C3H7, 
etc., or the ar/l group (including the benzene nucleus), 
or the like) may be employed as the derivative of the 
hydrazine. If R is CH3, the dimethylhydrazine N2(CH3) 
is obtained. 

55 

(c) Amine 

[0038] The amine is the compound in which the hy- 
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drogen atom of the ammonia is replaced with the organ- 
ic group (R) such as the allqfi group, the aryl group (in- 
cluding the benzene nucleus), etc., and belongs to the 
organic alkali. . ^ 

[00391 NR„H3.„ (n=1,2.3). etc. may be used as the 

amine. 

(d) Amino compound 

[00401 The amino compound is the organic com- 
pound having the amino group (-NH2). 
[00411 The aminobenzene (aniline) (CgHsNHa), tne 
aminophenol (C6H4NH20H). etc. may be used as the 
amino compound. 

[00421 Common features of these etching agents of 
(a) to (d) are that (i) they have properties as the alkali, 
(in they can be used as the aqueous solution or the so- 
lution, and (Hi) they are adsottjed onto the film-fomning 
surface of the silteon oxide and the silicon nitride to show 
the excellent wettability. Accordingly, the etching agent 
of the present invention is not limited to the particular 
examples given in above (a) to (d), but any agent may 
be used as the etching agent of the present invention if 
it has above properties. 

(Oxidizing agent) 

100431 In the present invention, the gas or the aque- 
ous solution containing any one selected from the group 
consisting of hydro peroxide, ozone, oxygen "'tnc acid, 
sulfuric acid, and their derivative is used as the oxidizing 
agent. 

(a)Hydrogen peroxide 

[00441 The hydro peroxide is a liquid at the nomnal 
temperature. The hydro peroxide is dissociated to pro- 
duce the water (HgO) and the oxygen atom (O) in the 
nascent state. The hydro peroxide is known as the 
strong oxidizing agent. 

(b) Ozone 

[00451 The ozone is a gas at the nomial temperature. 
The ozone is dissociated to produce the oxygen mole- 
cule (O2) and the oxygen atom (O) in the nascent state. 
Also the ozone is dissolved into the water to fomi the 
ozone water which can be used as the oxidizing agent. 

(c) Nitric acid (HNO3) and Sulfuric acid (H2SO4) 

[00461 Both the nitric acid and the sulfuric acid are a 
liquid at the normal temperature. Aqueous solution of 
these acids with high concentration exhibits the oxidiz- 
ing property. Also, the nitrous acid (HNO2) and the sul- 
f urous acid (HaSOg) can be used as the oxidizing agent^ 
[00471 Common features of these oxidizing agents ot 
(a) to (c) are that (i) they have features as the oxidizing 



agent in a vapor phase or in a solution, (-0 they can be 
used as the gas. the aqueous solution, and the solution, 
(ill) they are adsorbed onto the film-fotming surface of 
the silteon oxide and the silicon nitride to show the ex- 
5 cellent wettability, and (iv) they do not dissolve the gen- 
erated silicon oxide. Accordingly, the oxidizing agent of 
the present invention is not limited to the particular ex- 
amples given in above (a) to (c). but any agent may be 
used as the oxidizing agent of the present Invention if it 
10 has above properties. ^„„^th£. 
[00481 m the following explanation, in some cases the 
above etching agent and the above oxidizing agent are 
called as a "surface refomilng liquid". 

15 (First Emtwdiment) 

moASl Next, a lilm-f onning surface refonnlng method 
according to a first embodiment of the present invention 
andasemlconductor device manufacturing method em- 

20 ploying this tefonning method will be explained hereun- 

rooSOI FIG.I IS a flowchart showing the film-fonning 
surface reforming method according to the first embod- 
iment of the present invention and a semiconductor de- 
25 vice manufacturing method employing this reforming 
method. FIGS.2Ato 2D are sectional views showing the 
film-fonning surface refonning method and the semi- 
conductor device manufacturing method according to 
the first embodiment of the present invention. 
30 [00511 First, an undertying layer 12 is fomfied on a 
semiconductor substrate 11 made of silicon. Ifthesilioon 
oxide film IS fonned as the undertying layer 12. the sem- 
iconductor substrate 1 1 is put into the oxidizing furnace 
and then heated up to about 1100 'C in the oxygen at- 
35 mosphere. Accordingly, as shown in F1G^2A a surface 
of the semiconductor substrate 11 is oxidized and thus 
the themial oxide film (undertying layei) 12 made of 
SIC, is formed. j„„»u^ 
[00521 Also, if the silicon nitride film is formed as tiie 
40 undertying layer 12. the semteonductor substrate 11 
made of silicon is put Into the low pressure CVD equip- 
ment, and then the silicon nitride film (undertying layer) 
12 is fonned at about 750 'C by the low pressure CVD 
method using the reaction gas consisting of the 
45 dtehlorsllane(SiH2Cl2) and the ammonia (NH3)^ 

[00531 The silicon oxide film andthe silicon nitridef ilm 
sen^e as the undertying layer 12 In the film fomnatlon, 
and a surface of the undertying layer 1 2 seives as afiim- 
fonning surface 12a. These constitute a substrate 102. 
so in some cases, wirings are formed on the themial oxide 
film or of the silicon nitride film 1 2. In this case, the over- 
all structure including the wirings constitute the sub- 
strate 102. . , . , „,Ho 
[00541 in the step of fonning this underlying layer 12. 
55 the plasma CVD method, the low pressure CVD meth- 
od etc. may be employed in the alternative. 
[00551 As shown in F1G.3A or F1G.4A, on the surface 
of the undertying layer 1 2 immediately after it is fonned. 
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both the silicon oxide film and the silicon nitride film 
come into contact with the air (containing the moisture) 
to be hydrated, and thus they are brought into the chem- 
ically inactive state. 

[0056] Then, as shown In FIG.2B. the substrate 102 
is dipped Into an etching agent made of the aqueous 
ammonia or of the mixed solution of NH3+H2O2. At this 
time, the surface of the underlying layer 1 2 is etched by 
the ammonia and thus a porous layer 13 Is formed on a 
surface layer A number of dangling bonds of silicon are 
formed in the porous layer 1 3. The surface state of the 
undertying layer 12 is shown in FIG.3B or FIG.4B. 
[0057] Then, as shown in F1G.2C, the substrate 1 02 
is dipped into the hydrogen peroxide water (oxidizing 
agent) after the substrate 102 is rinsed. This pemnits the 
dangling bonds of silicon atom contained in the porous 
layer 13 to bond to oxygen atom, thereby the porous 
layer 13 Is oxidized. By this oxidization, the surface of 
the underlying layer 12 is covered with very thin layer 
14 which is made up of silicon oxide. The surface state 
of the underlying layer 12 at this time is shown in FIG. 
3C or FIG.4C. 

[0058] Then, after the substrate 1 02 is rinsed, thefilm- 
fonning surface 12a is dried by the heating, the spin dry- 
ing, etc.. Alternatively, the residual water on the surface 
may be removed in the isopropyl alcohol steam. When 
completing this step, the surface refomning process is 
completed. 

[0059] Subsequent to the above reforming process, 
the substrate 102 is put into a reaction chamber of the 
film forming equipment, and then the high O3/TEOS film 
forming gas is supplied into the reaction chamber. 
[0060] Then, the substrate 102 Is heated in the tem- 
perature range of 400 to 500 *C to make O3 and TEOS 
to thermally react with each other. Then, as shown in 
FIG.2D, a high O3/TEOS CVD SiOg film 1 5 is fomned on 
the undertying layer 1 2 after such state is held for a pre- 
detennlned time. 

[0061 1 FIG.5 is a graph showing the growth rate of the 
high O3/TEOS CVD Si02 film versus the concentration 
of the ammonia aqueous solution of the etching agent. 
In this experiments, sample was subjected to two-step 
process, in which the surface treatment using ammonia 
aqueous solution and oxidizing agent ware separately 
carried out as described above. Exposed on the surface 
of the sample was silicon nitride film, which serve as the 
underiying layer and whose surface serves as the film- 
fonmlng surface. 

[0062] An ordinate denotes the growth rate ratio (%) 
represented in a linear scale, and an abscissa denotes 
the NH3 concentration (wt %) represented in a logarith- 
mic scale. The growth rate ratio is defined as a ratio of 
the growth rate on the surface under consideration to 
that on the surface of a silicon single crystal substrate 
that exhibits no surface dependency. In this experiment, 
the growth rate on the silicon single crystal substrate 
was 60 nm/min, and the growth rate ratio was calculated 
based on thiis value. For the sake of comparison, other 



growth rates ratio is measured when the high Os/TEOS 
CVD Si02 film Is formed on the surface that was sub- 
jected only to the treatment using the NH3 but not to the 
treatment using the oxidizing agent. A ▲ marie indicates 

5 the growth rate ratio of the sample which was subjected 
to such surface treatment. A □ mark Indicates the 
growth rate ratio on the sample that was subjected to 
the surface treatment using the NH3, followed by a sur- 
face oxidation for 150 seconds by heating at the tem- 

10 perature of about 450 •C in the atmosphere containing 
O3 by 8 mol% in Og before the film fomnatlon. 
[0063] As shown in FIG.5, the growth rate ratio of the 
high O3/TEOS CVD SlOg film shows a value close to 
100 % in the wide range of the ammonia concentration 

15 of 0.05 wt% to 1 .0 wt%. In contrast, the growth rate ratio 
is only about 60 % in the sample Indicated by the A mark, 
whereas the growth rate ratio Is considerably Improved 
to about 87 % In the sample indicated by the Dmark. 
[0064] It can be understood based on this that not only 

20 the etching process by the aqueous ammonia but also 
the subsequent oxidizing process in the hydrogen per- 
oxide water orthe ozone atmosphere is effective to elim- 
inate the surface dependency of the film formation of the 
high O3/TEOS CVD SiOg film. As shown in FIG. 6, 

25 among various samples, the sample that Is subjected to 
the surface treatment using ammonia aqueous solution 
having the ammonia concentration of less than 0.1 wt% 
Is particularty preferable. Accordingly, the high O3/TE- 
OS CVD SiOg film having no void and the smooth sur- 

30 face can be formed. 

[0065] Other case was also examined, in which a 
mixed liquid of the aqueous ammonia and the hydrogen 
peroxide water was employed instead of the above 
aqueous ammonia as the etching agent. In this expen- 
ds ment, the ammonia concentration in the aqueous am- 
monia is changed between 0.1 to 1 .6 wt% while keeping 
the concentration of the hydrogen peroxide water con- 
stant at 4 wt% was employed, 

[0066] FIG.6 is a graph showing the results. An ordi- 
40 nate denotes the growth rate ratio (%) represented in a 
linear scale, and an abscissa denotes the NH3 concen- 
tration (wt %) represented In a logarithmic scale. The 
growth rate ratio is calculated based on the growth rate 
60 nm/min on the silicon single crystal substrate that has 
45 no su rface dependency. 

[0067] For the sake of comparison, the growth rate ra- 
tio (Omark) obtained when the high Og/TEOS CVD SiOg 
film Is fomned on the silicon oxide film (Si02 film) and 
the growth rate ratio (▲ marie) obtained when the high 
so O3/TEOS CVD Si02 film is fomned on the silicon nitride 
film (SiN film) were examined. 

[0068] As shown in FIG. 6, in both the O mari< and ▲ 
mark samples, the growth rate ratio of the high O3/TEOS 
CVD SiOg film shows a value close to 1 00 % in the wide 
55 range of the ammonia concentration from 0.05 wt% to 
1 .0 wt%. Accordingly, the high Oa/TEOS CVD SlOg film 
having no void and the smooth surface can be formed. 
[0069] In other experiment, the growth rate was 
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measured when executing neither the etching treatntwnt 
using the NHg nor the oxidizing treatenent. Obtained 
growth rate ratio was only of about 40 % on the theimai 
oxide film and of about 60 % on the silicon nitnde film, 
which is apparently inferior conipared to the present in- 
vention. 

[0070] As described above, according to the first env- 
bodiment of the present invention, since the film fomia- 
tion using the O^fTEOS reaction gas is earned out after 
refomiing the film-fomiing surface, especially the sur- 
faces of the silicon oxide film or the silicon nitride film, 
the flowabiiity. the planarity, the recess filling property, 
and the step coverage of the formed high O3/TEOS CVD 
SiOo film 1 3 can be improved. 

[0071 1 In particular, since the f ilnvf omning surface is 
covered with the chemically stable layer 14 made of the 
silicon oxide, the reforming effect can be maintained. 
That is. even if the substrate 102 was left in the air for 
1 0 days or more after its film-forming surface 1 2a was 
ref omied. the high OaH-EOS CVD SiOafilm 13 could be 
formed on the surface 12a with good ftewability. the 
planarity, the recess filling property, and the step cover- 
age. 

(Second Embodiment) 



IS 



[00721 Next, a film-forming surface refomiing method 
and a semiconductor device manufacturing method em- 
ploying this refomiing method according to a second 
embodiment of the present invention will be explained 
hereunder. 

[0073] In the first embodiment of the present inven- 
tion two-step surface refomiing process such as (the 
etching by the alkali)+(the oxidation by the oxidizing 
agent) is performed (see F1G.1). This two-step surface 
reforming process is effective in both cases, i.e., the 
case where the underlying layer is the silicon oxide film 
and the case where the underlying layer is the silicon 

nitride film. . 
[0074] However, if the underlying lay er is of either the 
silicon oxide film orthe silicon nitride film, one-step proc- 
ess described hereunder is also effective. This one-step 
process will be explained hereunder. In the following, 
the wordings defined in the first embodiment are not de- 
fined once again. 

(The case where the underiying layer is the silicon 
nitride film) 

[0075] This case will be explained with reference to 
FIGS.7A to 7C hereunder. 

[0076] At first, as shown in F1G.7A. the substrate 1 02 
is prepared. This substrate 102 is prepared by fonning 
the silicon nitride film (underlying layer) 12 on the sem- 
iconductor substrate 11 made of silicon. The surface of 
the silicon nitride film 12 senres as the film-forming sur- 
face 1 2a . This silicon nitride film 1 2 is formed by the well- 
Icnown film forming method, and an example is the low 



pressure CVD method using the reaction gas consisting 
of the dichlorsilane (SiHaCIa) and the ammonia (NH3). 
In this case, the film forming temperature of the silicon 
nitride film 1 2 is set to about 750 'C. for example. 

5 [00771 Then, as shown in FIG.7B. the substrate 102 
is dipped into the hydrogen peroxide water (oxidizing 
agent). By this dipping, the fiim-fomiing surface 12a is 
exposed to the hydrogen peroxide water, and thus the 
film-fomiing surface 12a is refomied. The surface re- 

10 forming conditions in this case are given as follows. 

the hydrogen peroxide water concentration : 1 .0 to 

5.0% „„ 
the hydrogen peroxide water temperature : 60 to 80 

•C 

the processing time : 10 to 20 minutes 

[0O781 When the surface is refomied in accordance 
with these conditions, the growth rate ratio become 1 05 

so to 106%. ^ . , ^„ 

[0079] Afterthesurtaceis refomned, the substrate 10Z 
is rinsed. Then, thefilm-fonming surface 12a is dried by 
the heating, the spin drying, etc.. Alternatively, the re- 
sidual water on the surface may be removed in the iso- 
25 propyl alcohol steam. When completing this step, the 
surface ref onning process is completed. 
[0080] Then, as shown in FIG.7C. the substrate 102 
is put into the reaction chamber (not shown) of the film 
foming equipment, and then the high Ogn-EOS film 
30 forming gas is supplied into the reaction chamber. Then, 
the substrate 1 02 is heated in the temperature range of 
400 to 500 »C to mal<e O3 and TEOS to thennaiiy react 
with each other. As shown in F1G.7C, the high OafTEOS 
CVD SOa film 15 is formed by holding this state for a 
35 predetenmined time. 

[0081] FIG.ISA is a flowchart showing the aboveone- 
step process when the underiying layer is the silicon ni- 
tride film. 

[0082] FIG.8 is a graph showing a relationship be- 
40 tween the hydrogen peroxide water concentration and 
the growth rate ratio when the surface refomiing condi- 
tions are set as follows. 



45 



the hydrogen peroxide water temperature : 80 ""C 
the process time : 10 minutes 



It should be noted that the growth rate ratio is calculated 
based on the growth rate 60 nm/min on the silicon single 
crystal substrate that has no surface dependency. As 
so shown in FIG.8. when the concentration of the hydrogen 
peroxide water Is in the range of 1 .7 to 5 %. the growth 
rate ratio becomes about 105 %, which is larger than a 
value (100 %) on the silicon single crystal substrate. 
This means that the surface dependency of the film- 
55 forming surface 12a of the silicon nitride film 12 can be 
completely eliminated. 

[0083] According to this one-step process, since the 
steps (etching by the ailcali) required in the first embod- 
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iment is not needed, the steps of the surface reforming 
process can be simplified. 

(the case where the underlying layer is the silicon oxide 
film) 

[0084] This case will be explained with reference to 
FiGS.9A to 9C hereunder. 

[0085] At first, as shown in FIG.9A, the substrate 1 02 
is prepared. This substrate 102 is prepared by forming 
the silicon oxide film (underlying layer) 12 on the semi- 
conductor substrate 11 made of silicon. For example, 
the silicon oxide film 1 2 Is fomied by putting the semi- 
conductor substrate 11 into the oxidizing furnace (not 
shown) and then heating it at about 1100 'C in the oxy- 
gen atmosphere. Alternatively, the silicon oxide film 12 
may be f omied by the well-known themial C VD method, 
or the plasma CVD method. 

[0086] Then, as shown in FIG.9B, the substrate 102 
is dipped into the surface reforming liquid that consists 
of the mixed solution of NHa+HgOg+HgO. It is to be un- 
derstood that when the temn "surface refomriing liquid" 
is appeared in the following explanation, it is meant to 
refer to the NH3+H2O2+H2O solution. By this dipping, 
the film-forming surface 12a is exposed to the surface 
refomiing liquid, and thus the film-forming surface 12a 
is reformed. The surface reforming conditions and the 
reforming effect in this case are described later. 
[0087] After the surface is reformed, the substrate 1 02 
is rinsed. Then, the film-forming surface 12a Is dried by 
the heating, the spin drying, etc.. Alternatively, the re- 
sidual water on the surface may be removed in the iso- 
propyl alcohol steam. When completing this step, the 
surface reforming process is completed. 
[0088] Then, as shown in FIG.9C, the substrate 1 02 
is put into the reaction chamber (not shown) of the film 
fomning equipment, and then the high Og/TEOS film 
f omning gas is supplied into the reaction chamber. Then, 
the substrate 102 is heated in the temperature range of 
400 to 500 ^'C to make O3 and TEOS to themially react 
with each other. As shown in FIG.9C, the high Og/TEOS 
CVD SiOg film 15 is formed by holding this state for a 
predetemnined time. 

[0089] FIG. 10 is a graph showing a relationship be- 
tween a heat-insulating time of the surface reforming liq- 
uid and the growth rate ratio obtained by an experiment. 
In this experiments, surface reforming liquid A and B 
were used. Composition of the surface reforming liquid 
A is, by volume ratio, 1:1:5 for the aqueous ammonia 
(30 wt%), the hydrogen peroxide water (30 wt%), and 
the pure water respectively. On the other hand, compo- 
sition of the surface refomriing liquid B is. by volume ra- 
tio, 1 :10:50 for the aqueous ammonia (30 wt%), the hy- 
drogen peroxide water (30 wt%), and the pure water re- 
spectively. 

[0090] It is to be understood that the "heat-Insulating 
time" Is defined as the time during which the surface re- 
fonmlng liquids are maintained at a predetermined tem- 
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perature (80 **C In this experiment) afterthey are adjust- 
ed (l.e., after the aqueous ammonia, the hydrogen per- 
oxide water, and the pure water are mixed to form the 
surface refonming liquids). In this experiment, the proc- 

5 ess time is 1 0 minutes. 

[0091] As can be seen from FIQ.10, the surface de- 
pendency of the silicon oxide film 12 cannot be eliminat- 
ed immediately after the surface refonning liquid is ad- 
justed, and thus the growth rate ratio remains at 60 %. 

10 This value is identical to a value exhibited by the silicon 
oxide film 12 whfch is not subjected to the refomriing 
treatment. In this manner, the refonming effect is unsta- 
ble immediately after the surface reforming liquid is ad- 
justed. 

15 [0092] However, when one hour elapsed while keep- 
ing the temperature of the surface refomriing liquid at 80 
•C, the growth rate ratio after the process is increased 
up to 100 % ,and shows a value of more than 100 % 
when the time further elapsed. 

20 [0093] This is because the ammon la is oxidized by the 
hydrogen peroxide in the surface reforming liquid in 
which the ammonia concentration is relatively high, 
thereby the nitrous acid ion (NO2') and the nitric acid ion 
(NOg-) are naturally generated in the surface reforming 

25 liquid, and these nitric acid based ions (NOg*. NO3-) are 
effective in eliminating the surface dependency. 
[0094] Since this one-step process does not need the 
special equipment to perform it and is carried out by the 
existing standard wafer cleaning equipment, such one- 

so step process can be easily introduced into the existing 
manufacturing step. FIG.13B is a flowchart showing this 
one-step process. 

[0095] By the way, in the above explanation, it is men- 
tioned that the nitric acid based tons (NOa", NO3-) in the 
35 surface reforming liquid are effective in eliminating the 
surface dependency. In the following, first to third exam- 
inations which back up this assertion will be explained. 

(Result of the first examination) 

40 

[0096] In this examination, spectmm of the surface re- 
fomriing liquid A that was heat-insulated at the temper- 
ature of 80 'C for 6 hours was measured by the micro- 
scopic FTIR (Fourier Transfomn Infrared Absorption 
45 Spectroscopy). It become apparent that when the meas- 
ured spectrum and the standard spectrum were com- 
pared with each other, nonvolatile substance in the liq- 
uid was the ammonium nitrate (NH4NO3). This shows 
that the nitric acid based ion was generated in the liquid. 

50 

(Result of the second examination) 

[0097] In this examination, a relationship between the 
heat-insulating time at a temperature of 80 **C and a con- 
55 centration of the nitric acid based ion in the surface re- 
forming liquid were measured. In this examination, the 
surface reforming liquid which has a volume ratio of 1 :3: 
15 for the aqueous ammonia (30 wt%), the hydrogen 
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peroxide water (30 wt%), and the pure water respective- 
Iv was used. In this measurement, the ion chromatog- 
raphy was employed. Result of this examination is 

shown in FIG.11 • . . mt. 

100981 As shown in FIG.11 . the nitnc acid b^ed ton 
of several 100 ppm is generated in the liquid by onen 
hour heat-lnsUlation. It can also be observed that the 
concentration of the nitrous acid ion NOg . which is pre- 
cursor of the NO3-, is higher than that of the NO3. 
100991 It should be noted that the increase of the 
growth rate ratio shown in FIG.10 con-esponds wel to 
the increase of the nitric acid based ion shown in FIG^ 
11 Accordingly. It can be understood that any one of 
NOo- and NO3 or both of them are effective in eliminat- 
ing the surface dependency of the insulating film. 
lOTOOl Also, as shown in FIG.11 , the concentration of 
Ihe nitric add based ions (NOa, NOa") in the surface 
refomning liquid can be adjusted by heat-insulating the 
surface refonningliquidatapredeterminedtemperature 

for a predetermined time after the surface retonming liq- 
uid is adjusted. 

(Result of the third examination) 



icon oxide film 12. 

[01041 In this manner, the addition of the nrtnc acid 
into the surface refonning liquid makes it possible to re- 
move the unstabllity of the refomiing effectthat is exhib- 
5 ited immediately after Its adjustment. _ 
[01051 In addition, since the nitric acid is intended to 
be added, thenitric acid based ions (NO2 . NO3 ) having 
a desired concentration can be produced In the surface 
refonning liquid by adjusting the concentration of the 
to added nitric acid, even when the ammonia cont^ntra- 
tion in the surface refonning liquid is low. Accordingly, 
the margin of the ammonia concentration in the surface 
refomiing liquid can be ren«*ably extended^ For ex- 
ample, the surface dependency of the silicon oxide film 
IS 12 can be eliminated even by the surface reforming liq- 
uid that has the extremely low ammonia concentration, 
e q the surface refomiing liquid whose volume ratio is 
1 •4-200 for the aqueous ammonia (30 wRi). the hydro- 
gen peroxide water (30 wt%). and the pure water re- 

20 SD6CtiV6ly 

[01061 Followings are an example of preferable sur- 
face reforming conditions when the nitric acid is intend- 
ed to be added. 



[01011 Inthis examination, a relationship between the 
concentration of the nitric acid and the growth rate ratio 
was measured when the nitric acid was intended to be 
added into the surface refonning liquid. The surface re- 
forming liquid used in this examination is the one which 

has a volume ratio of 1 ;4:20 for the aqueous ammonia 
(30 wt%). the hydrogen peroxide water (30 wt%). and 
the pure water respectively, and which did not undergo 
long time elapse after it was adjusted. The surface re- 
fonning conditions in this examination are given as fol- 
lows. 

the surface reforming liquid temperature : 80 "C 
the process time : 10 minutes 



[01021 The examination results are shown in FIG.1 2. 
An abscissa denotes the concentration of the added ni- 
tric acid (HNO3) in a logarithmic scale. In FIG.12.forthe 
sake of comparison, a value is also depicted which was 
Obtained when the surface refomiing Pf^^^f^^^^^ P^;"" ^ 
f onned by using the surface refoiming liquid that did not 
undergo longtime elapse after It was adjusted. As such 
surface reforming liquid, the liquid which has a volume 
ratio of V4-2.0 for the aqueous ammonia (30wt%),the 
hydrogen peroxide water (30 wt%), and the pure water, 
and which did not undergo long time elapse after rt was 
adjusted and contains few nitric acid based ion therein 
was employed. . j 

[01 031 It can be understood from FIG. 1 2 that the ad- 
dition of the nitric acid of about 500PPM permits the sur- 
face reforming liquid, which has a middle ammonia con- 
centration such as a volume ratio 1 :4:20 and did not un- 
dergo long time elapse after it was adjusted, to be et- 
fective for eliminating the surface dependency of the sil- 



the ammonia concentration range of the surface re- 
forming liquid : 0.1 to 5.0 % 
the nitric acid (HNO3) concentration range of the 
surface refomiing llquW: 500 to 2000 ppm 
the temperature of the surface reforming liquid : 60 
to 80 "C 

the process tlnne : 10 to 20 minutes 

[01071 When the surface refomnation was perfonnned 
in accordance with these conditions, the growth rate ra- 
tio become 103 to 108 %. 

[01081 As described above, in the second embodi- 
ment of the present invention, the surface refonning 
process is perfomied by the one-step process f or the 
underiying layer which is either of the silicon nitnde film 
orthe silicon oxidefiim. Beingone-step process. the sur- 
face refomiing process can be simplified compared to 
the first embodiment that requires two-steps process to 
execute the surface refomiation 



EXAMPLES 
(First Example) 

[01 091 The First Example will be explained with refer- 
ence to FIG.Uhereunder. Inthis First Example. thef.lm- 
forming surface reforming method according to the first 
embodiment of the present invention was appHed to a 
substrate 1 03 in which a gate oxide film 22 was forrned 
on a silicon substrate 21, and gate wirings 23a. 23b 
made of ploysilicon, for example, were fomied on the 
film 22 and a silicon nitride film 24 was fomned thereon. 
[01101 As shown in FIG.14. afterthe gate wirings 23a. 
23b made of ploysilicon were fomfied. the silicon nitride 
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film (Si3N4film) of about 150 nm, which serves as the 
underlying layer 24, was formed at 750 °C by the low 
pressure CVD method using the reaction gas consisting 
of the dichlorsllane (SiHgClg) and the ammonia (NH3). 
[011 1 ] Then, the fllm-fomrilng surface of the substrate 
1 03 was etched by exposing It to the etching agent, and 
then was oxidized by exposing It to the oxidizing agent, 
whereby the surface reformation was carried out. As the 
surface refomiing conditions, the ammonia aqueous so- 
lution was used as the etching agent, the concentration 
of the ammonia aqueous solution was changed in the 
range of 0.05 wt% to 1 wt%, the process temperature 
was set to 80 •C, and the process time was set to 1 0 
minutes. Then, after the rinse, the film-fomning surface 
was oxidized by dipping it Into the hydrogen peroxide 
water whose concentration was 4 wt% and whose tem- 
perature was' 80 •C. As a result, a chemically stable thin 
layer 25 (underlying layer) made of the silicon oxide 
could be fonned. 

[01 12] Then , a high Ogn^OS CVD Si02f ilm 26 of 600 
nm film thickness was formed on the surfaces of the re- 
formed underlying layers 24, 25. As the film forming con- 
ditions for the high O3/TEOS CVD SiOg film 26, the 
ozone was contained in 02by8 moI%, i.e., the so-called 
high concentration, and the ozone, O2, and TECS con- 
stitute the O3/TEOS reaction gas. And the heating tem- 
perature of the substrate 103 was set to 450 "^C. 
[0113] As shown in FIG. 14, after the film-forming sur- 
face refomning method of the present invention was ap- 
plied to the film-fomning surface having the unevenness 
such as the gate wirings 23a, 23b, etc. , a high Oa/TEOS 
CVD Si02f ilm 26 was formed by virtue of the CVD meth- 
od using the high Oa/TEOS film fonming gas. Due to the 
surface refomiation, the high O3/TEOS CVD SiOg film 
26 exhibited excellent recess filling property and good 
step coverage. 

(Second Example) 

[0114] Then, Second Example will be explained with 
reference to F1G.15A. In Second Example, the first em- 
bodiment of the present invention was applied to the 
film-fomning surface on which recesses having a narrow 
width and deep depth were present. For the sake of 
comparison, Comparative Example in which the film 
was fonned without perfomnlng the surface reforming 
process is shown in FIG.15B. 

[01 1 5] FIG. 1 5A is a sectional view showing a section- 
al structure when a high OaTTEOS CVD SiOg film 36 was 
formed after the film-fonning surface was reformed. 
FIG.15B is a sectional view showing a sectional struc- 
ture when a high O3/TEOS CVD SiOg film 37 was 
fomned without the film-forming surface refomning proc- 
ess. In FIG.15B, same symbols as those in FIG.15Aare 
affixed to same elements as those in FIG.15A. 
[0116] As shown in FIG.15A, a recess 32 that has a 
width of about 0.1 pm and a depth of about 0.6 \im was 
fomned on a semiconductor substrate 31 made of sili- 



con, and then thermal oxide films 33, 34 made of SIO2 
were formed as the underlying layer on a surface of the 
semiconductor substrate 31 . Above elements constitute 
afllm-fomned substrate 104. 
5 [0117] Then, the high Og/TEOS CVD SlOg films 36. 
37 were fomned on a surface of the underlying layer, and 
the recess filling property and the step coverage were 
examined. 

[0118] As the refomiing agent employed in the first 
10 step of the surface refomiing process, unlike the First 
Example, the mixed solution of the aqueous ammonia 
and the hydrogen peroxide water was employed. The 
mixed solution was heated up to the temperature of 50 
to 80 ^C, and the substrate 104 was dipped into this 
15 mixed solution for 1 0 minutes. 

[0119] Then, In the oxidizing process of the second 
step, the temperature of the hydrogen peroxide water 
having the concentration of about 4 wt% was set to 80 
*C, and then the substrate 104 was dipped into it for 10 
20 minutes. By this dipping, the silicon oxide film (underly- 
ing layer) 35 was formed on surface layers of the thermal 
oxide filnns 33, 34, 

[0120] In this example, as the film fomning conditions 
of the high O^EOS CVD Si02 films 36, 37, the ozone 

25 concentration and the heating temperature of the sub- 
strate 104 were set Identical to the First Example. 
[0121] It can be understood from FIG.15A that the 
high O3/TEOS CVD SiOg film 36 that has no void and 
whose surface is planarized is formed in the sample to 

30 which the refomning process of the film-fomning surface 
reforming method of the present invention is applied. 
[0122] In contrast as shown in FIG.15B, it can be un- 
derstood that, when the high Oa/TEOS CVD Si02 film 
37 was fomned without the surface refomiing process, 

35 a void 38 was generated and the surface of the film 37 
was conjugated and the flat film cannot be obtained. 
[01 23] As described above, if the surface reformation 
for the underlying layers 33. 34 having very narrow con- 
cave regions such as the recess 32, etc. is performed 

40 by using two-step process of the etching process and 
the oxidizing process, the recess filling property and the 
step coverage of the high O/TEOS CVD SiOg film 36 
for the recess 32 can be improved. 
[0124] In the above embodiments, the high Os/TEOS 

45 CVD SI02filnn is employed as the Insulating film fomned 
on the film-fomning surface. However, the present Inven- 
tion is not limited to this specific example, and the insu- 
lating film that is formed by using a combination of other 
silicon-containing organic compound (e.g., siloxane 

50 such as hexamethyldisiloxane (HMDSO), etc. or all<ox- 
ysilane such as trimethoxysilane (TMS), etc.) and the 
oxidizing gas (e.g., O2, O3, NO, NgO, etc.) may be em- 
ployed alternatively. 

[0125] Also, as the insulating film that is formed on 
55 the film-forming surface, in addition to the SiOg film that 
is very congenial to the film-forming surface, ar»y one of 
the PSG (Phosphosilicate glass) film, the BSG (Borosil- 
icate glass) film, and the BPSG (Borophosphosilicate) 
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film may be employed. As the film fomning gas for fomn- 
ing the PSG film, gas mixture ot O3. TEOS. and TMP 
(Trimethylphosphite:P(OCH3)3) or TMOP (Trimethyl- 
phosphate: PO(OCH3)3) may be employed. Also, as the 
film fomiing gas lor fomiing the BSG film. gasTn.)rture 
of O3 TEOS, and TMB (Trimethylborate:B(OCH3)3) 
may be employed. In addition, as the film fomiing gas 
for forming the BPSG film, gas mixture of O3, TEOS. 
TMB, and TMPorTMOP may be employed. 
[0126] If the above refomning process is executed 
while applying the ultrasonic wave or the megasonic 
wavetothesubstrates 102, 103, and 104, the refomning 
effect can be improved. The processing effect can also 
be improved by circulating the processing solution (e.g.. 
etching agents, oxidizing agents, and NH3+H2O2+H2O 
solution) by virtue ot a pump (not shown) to make the 
solution collide against the film-fonming surface. 
[01271 As described above, according to the present 
Invention, the gas or the aqueous solution containing 
ammonia, hydrazine, amine, amino compound or their 
derivative is brought into contact with the film-fomning 
surface, and then the gas or the aqueous solution con- 
taining hydrogen peroxide, ozone, oxygen, nitnc acid 
sulfuric acid or their derivative is brought into contact 
with the film-fomning surface. 
[01281 That is, the film -forming surface is firstly chem- 
ically activated by the etching, and secondly the film- 
forming surface is oxidized. Therefore, the film-forming 
surface can be oxidized at the low temperature close to 
the room temperature, and thus the surface dependen- 
cy can be easily eliminated. 

[01291 Particularly, since the aqueous solution con- 
taining the ammonia or the hydrazine compound has a 
small surface tension and the gas of the refonming agent 
can be diffused into the nanrow and deep recess portion, 
the surface dependency in such minute recess portion 
can be eliminated. 

[01301 Accordingly, the interlayer or cover insulating 
film, which is formed usingthethemialCVDmethodand 

is formed on the film-fomning surface whose surface de- 
pendency is eliminated, exhibits no surface roughness 
and voids, together with exhibiting no reduction in the 
film forming rate, and can fill the narrow and deep recess 
portion completely. 

[01311 Also. If the film-fomiing surface is the surtace 
of the silicon nitride film, the surface dependency of the 
insulating film can be eliminated merely by exposing the 
surface to the hydrogen peroxide water. 
[01321 In addition, if the film-fomning surface is the 
surface of the silicon oxide film, the surface dependency 
of the insulating film can be eliminated merely by expos- 
ing the surface to the aqueous solution containing any 
one of NOg* and NO3'. 

[01331 As a result, the miniaturization and the higher 
density of the device can be achieved. 



Claims 

1 . A film-forming surface refomning method compris- 
ing the steps of: 

bringing a gas or an aqueous solution contain- 
ing any one selected from the group consisting 
of ammonia, hydrazine, amine, amino com- 
pound, and their derivative into contact with a 
film-forming surface (12a) before an insulating 
film (15) is fonmed on the film-fomiing surface 
(12a) of a substrate (1 02); and 
bringing a gas or an aqueous solution contain- 
ing any one selected from the group consisting 
of hydrogen peroxide, ozone, oxygen, nitric ac- 
id, sulfuric acid, and their derivative into contact 
with the film-fomning surface (1 2a). 

2 A film-forming surface refomning method according 
to claim 1 , wherein any one of a silicon oxide film 
and a silicon nitride film Is exposed on the film-fomn- 
ing surface (12a). 

3 A f ilm-fonning surface refonning method according 
to claim 2, wherein any one of a semiconductor lay- 
er and a metal layer in addition to any one of the 
silicon oxide film and the silicon nitride film is ex- 
posed on the film-fonmlng surface {12a). 

A film-forming surface refonning method according 
to any one of claims 1 to 3, wherein the amine is a 
compound having a chemical formula NRpHs-n 
{n=1 ,2,3, R: alkyi group). 

A f ilm-f onning surface reforming method according 
to any one of claims 1 to 3. wherein the amino com- 
pound is a compound having a chemical formula 
RNH2 (R: organic group). 

40 6. A semiconductor device manufacturing method 
comprising the steps of : 

bringing a gas or an aqueous solution contain- 
ing any one selected from the group consisting 
of ammonia, hydrazine, amine, amino com- 
pound, and their derivative into contact with a 
film-forming surface before an Insulating film 
(26, 36) is fonned on the film-forming surface 
of a substrate (103. 104); 
reforming the film-fomning surface by bringing 
a gas or an aqueous solution containing any 
one selected from the group consisting of hy- 
drogen peroxide, ozone, oxygen, nitric acid, 
sulfuric acid, and their derivative into contact 
with the film-fomning surface; and 
forming the Insulating film (26, 36) on the re- 
formed film-forming surface. 
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7. A semiconductor device manufacturing method 
comprising the steps of: 

exposing a film-fomiing surface (12a) of a sili- 
con nitride film (12) to a hydrogen peroxide wa- 
ter; and 

forming an insulating film (1 5) on the f ilm-fomri- 
ing surface (12a) after the f ilm-fom^lng surface 
(12a) Is exposed to the hydrogen peroxkJe wa- 
ter 

8. A semiconductor device manufacturing method 
comprising the steps of: 

exposing a film-forming surface (12a) of a sill- *5 
con oxide film (1 2) to an aqueous solution con- 
taining any one of NOg" and UO^'; and 
fonning an Insulating film (15) on the film-form- 
ing surface (12a) after the film-forming surface 
(1 2a) is exposed to the aqueous solution. 

9 - A semiconductor device manufacturing method ac- 
cording to claim 8, wherein a mixed solution con- 
taining an ammonia (NHg), a hydrogen peroxide 
(H2O2), and a pure water (HgO) is employed as the 25 
aqueous solution. 

10. A semiconductor device manufacturing method ac- 
cording to claim 8, wherein a nitric acid (HNO3) is 
added to the aqueous solution. 

11. A semiconductor device manufacturing method 
comprising the steps of: 

preparing a mixed solution containing an am- 
monia (NH3), a hydrogen peroxide (HgOg). and 
a pure water (HgO); 

heat-insulating the mixed solution at a prede- 
tennined temperature for a predetennlned time 
so that NOg" and NO3" concentrations in the 40 
mixed solution are set to a desired concentra- 
tion; 

exposing a film-fomning surface (12a) of a sili- 
con oxide film (12) to the mixed solution after 
the heat-Insulating; and 
fonning an insulating film (15) on the film-form- 
ing surface (12a) after the film-fonming surface 
(12a) is exposed to the mixed solution. 

1 2. A semiconductor device manufacturing method ac- 50 
cording to any one of claims 6 to 11, wherein the 
insulating film (15, 26, 36) is a silicon-containing in- 
sulating film which is fonned by a themnal chemical 
vapor deposition employing a reaction gas that con- 
tains an ozone-containing gas and a tetraethyl- 55 
orthosilicate. 
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